Pinnipeds vary in adult pelage color and pattern ranging from uniform white to black or brown and from solid coloration to subtle spotted or bold markings. Moreover, pelage color often differs by sex and age with neonates having radically different color and patterning from those of adults. We explored the functional significance of these patterns in 34 species of pinniped using comparative phylogenetic analyses. We found strong evidence to support the hypothesis of background matching on land because species in which adults or pups have white pelage live in Arctic regions and are subject to terrestrial predation. We also found evidence supporting the hypothesis of background matching at sea because spotted species forage in well-lit shallow waters on-shelf and dark pinnipeds forage in deep dark waters off-shelf. Neonates are black for species lacking terrestrial predators on islands or in caves where selection on crypsis is relaxed. Distinctive markings may be used for intraspecific communication. Sexually dichromatic pinnipeds are highly polygynous and copulate on land, suggesting a role for male coloration in contests for access to females. Functional differences in the coloration of pinnipeds and cetaceans reveal differences in underlying selection pressures, in particular those derived from pinnipeds' amphibious lifestyle. Stankowich et al. 2011) in terrestrial species, rather less attention has been given to marine and freshwater taxa (although see Grether et al. 2004; Moland et al. 2005; Hegyi et al. 2008; Hanlon et al. 2011; Marshall and Johnsen 2011) . This is particularly true of mammals, a class in which most species are terrestrial. Indeed, one could argue that marine mammal pelage and skin color are chiefly used as diagnostic tools in field guides, although there are some useful descriptive studies of intraspecific and interspecific variation in pinniped and cetacean coloration ).
INTRODUCTION
T he fundamental principles of animal coloration are expected to apply to aquatic and terrestrial organisms equally (Wallace 1889; Poulton 1890; Cott 1940; Ruxton et al. 2004 ) but despite a rapidly growing literature exploring background matching (e.g., Merilaita and Stevens 2011) , disruptive coloration (e.g., Merilaita 2009), countershading (e.g., Rowland 2011) , masquerade (e.g., Skelhorn et al. 2010) , aposematism (e.g., Stevens and Ruxton 2011) , and sexually selected (e.g., Hill and McGraw 2006) and other signals (e.g., Stankowich et al. 2011) in terrestrial species, rather less attention has been given to marine and freshwater taxa (although see Grether et al. 2004; Moland et al. 2005; Hegyi et al. 2008; Hanlon et al. 2011; Marshall and Johnsen 2011) . This is particularly true of mammals, a class in which most species are terrestrial. Indeed, one could argue that marine mammal pelage and skin color are chiefly used as diagnostic tools in field guides, although there are some useful descriptive studies of intraspecific and interspecific variation in pinniped and cetacean coloration ).
Recently, however, a comprehensive assessment of all the current hypotheses for cetacean coloration was carried out using a comparative phylogenetic analysis ). This analysis revealed 3 broad associations. First, smaller cetaceans tend to show dorsal pigmental darkening, possibly as a means to avoid being detected by their prey. Second, striking markings are found in group-living species and in fast swimmers as well as in those exhibiting flamboyant behavior above the surface, suggesting that they may serve in intraspecific communication. Third, markings on certain parts of the body, such as white heads, white flanks, and perhaps white flippers, are associated with feeding on fish and krill and might be used to disorient prey. In contrast, there is little support for coloration being used in background matching or disrupting the outline of the body. We wanted to test the same hypotheses and examine the generality of these findings by seeing whether they held for the other major group of marine mammals, the pinnipeds.
Pinnipeds do not number a great many species, but they show considerable variation in pelage color and patterning, including for example, the heavy black spotting on a white background of the hooded seal Halichoerus grypus, the bold patterning of the ribbon seal Histriophoca fasciata with its distinctive white bands on an otherwise black body and uniformly dark or cream colored sea lions and fur seals, many of which are sexually dichromatic. In addition, newborn pups may show differences in color and pattern from adults. Thus, the pinnipeds provide an opportunity to investigate pelage color and pattern in relation to adaptive nuances of predator evasion, foraging, sexual selection, and thermoregulation in a group of marine mammals and to extend our understanding of coloration in this group (Caro 2005 (Caro , 2009 ).
Any attempt to uncover universal principles for the functional significance of coloration in marine mammals faces difficulties, however. First, pinnipeds are amphibious. Species spend time both at sea foraging and on land giving birth, lactating, escaping marine predators, molting, or resting. Depending on the species, competition for mates and mating may occur at sea, on land, or both (Costa and Crocker 1998) . Thus, coloration patterns are likely to reflect selective forces acting in different habitats, in relation to different predators, in different sensory environments, and while conducting different sorts of activities. Second, many pinnipeds are both sexually dimorphic and sexually dichromatic so selective forces on coloration may differ by sex. Third, some species show variable coloration (e.g., Allen et al. 1993; Neumann and Schmahl 1999; Lydersen et al. 2001) and distinct polymorphisms (e.g., Kelly 1981; Acevedo et al. 2009 ) making species categorizations necessarily coarse. Fourth, coloration in some pinniped species is age dependent (Booth 1990 ) suggesting selective forces differ as pups mature and enter the water. Fifth, there are fewer pinniped species than cetacean species that reduces the statistical likelihood of finding significant associations between coloration and ecological and behavioral variables. Despite these caveats, we thought it would be worthwhile to derive and test a number of simple predictions that might uncover the selective forces driving coloration in otariids, odobenids, and phocids both in marine and in terrestrial environments. We generated functional predictions based on the literature, adapted hypotheses put forward for cetaceans (see Mitchell 1970; Hailman 1977; Munz and Mcfarland 1977; Heyning 1988; Wursig et al. 1990; Perrin 2009; Caro et al. 2011) , and newly generated by ourselves. We organize our findings around the different forms of pelage coloration found in pinnipeds.
First, we asked whether uniformly colored adult pinnipeds match their background at sea by testing whether (1a; numbering serves to distinguish different statistical tests) dark species forage off-shelf in deep dark waters and would therefore blend in with their dark surroundings and, in another test (1b), whether they forage at or near the benthos on bottom-dwelling prey where there might arguably be less light. Second, we asked whether species with some white adult pelage might match their background on land by testing (1c) whether these species live in polar or subpolar regions, areas that are likely to be covered with ice and snow for part of the year. We also tested whether species with some white pelage might be those that use (1d) pack ice because white and dark pelage might be difficult to see against bright rugous ice with dark shadows. Turning to the mechanism driving possible background matching, we examined whether (1e) species with some white pelage live in the Arctic where polar bears Ursus maritimus are an important source of predation pressure, and in another test (1f), whether they have been actually reported as being subject to terrestrial predation.
Turning to pup coloration, we asked whether pinnipeds giving birth to white pups (2a) live in polar or subpolar regions where white ice is common, (2b) are found on pack ice, (2c) live in the Arctic where polar bears are found, or (2d) are known to suffer from terrestrial predation. Other pinnipeds give birth to distinctively black pups. We tested whether such natal coloration was associated with being born on islands or in habitats that are usually free of terrestrial predators or in caves that may act as refuges from predation (2e).
Spotted, speckled, or mottled fur juxtaposed against light or white pelage might be a form of crypsis so we tested whether species that are spotted as adults live in well-lit marine environments by (3a) foraging on-shelf in relatively shallow waters. We also asked whether (3b) spotted species are pelagic foragers that arguably might be found in light-filled waters, and (3c) whether they carry out shallow dives (and so be cryptic in surface lighting conditions). More specifically, we tested (3d) whether spotted adult pinnipeds are sit-and-wait predators surmising that mottled fur might allow pinnipeds to remain hidden against a background of seaweed and rocks. In relation to background matching on land, we tested (3e) whether spotted adults, some of which have very light background fur (see Appendix 1), are found in polar or subpolar habitats characterized by white ice or snow.
Dorsal darkening could be a form of crypsis at sea either through self-shadow concealment or background matching from above or below in well-lit waters and could conceivably be a form of crypsis on land, although this seems improbable as resting pinnipeds keep much of their underside hidden. We separated the sexes on this measure as females show dorsal darkening in some species, whereas males do not. We examined whether dorsal darkening is found in species using light-filled environments that would be associated with foraging (4a) onshelf, (4b) possibly pelagic foraging, and (4c) being shallow divers. We also tested (4d) whether dorsally darkened species are sit-and-wait predators. Regarding crypsis on land, we checked whether dorsally darkened species are (4e) subject to terrestrial predation.
We tested whether pinnipeds with distinctive markings might use these to keep in contact with each other on land and hence (5a) be more likely to be found in groups or (5b) breed polygynously where marks might signal individual health or quality. Alternatively, (5c) distinctive marks might serve to match habitats characterized by strong shadows, such as pack ice, where the rugosity of the white ice or snow forms patches of strongly contrasting sunlight and dark shade.
As several aspects of coloration in pinnipeds are sexually dichromatic with males being darker than females, we ran tests to see whether dichromatism was found in (6a) polygynous species, (6b) those that copulate on land, or (6c) those that haul out in large groups or in groups of variable size. All these evolutionary drivers of these different forms of pelage coloration are summarized in Table 1 . We did not test whether pinniped coloration is an adaptation to avoid hybridization with other species (Kingston and Gwilliam 2007) because little is known about pinniped hybridization. Moreover, it is difficult to generate and test hypotheses about which specific pelage coloration patterns might be used to avoid looking similar to heterospecifics and on which species selection is acting (Goldsworthy et al. 1999) .
MATERIALS AND METHODS
Using the traditionally accepted list of pinniped species described in Rice (1998) and Wilson and Reeder (2005) , K.B. used Reeves et al. (2002) and Shirihai and Jarrett (2006) to score coloration of the dry pelage of adults and then confirmed categorizations using photographs in Google Image. Subsequently, S.L.M. and D.P.C. checked and amended these categorizations, included scores for the coloration of pups, and added new variables using Jefferson et al. (2007) and Perrin et al. (2009) , personal observations, and personal photographic archives; it is noteworthy that D.P.C. has seen every species of otariid in the wild except Arctocephalus philippii and 9 of 18 phocids. We cast each of the 34 pinniped species into 7 simple categories (Table 2) . Ecological and behavioral variables were taken from Riedman (1990 ), Hoelzel (2002 , Reeves et al. (2002) , Macdonald (2006) , Shirihai and Jarrett (2006) , Bowen et al. (2009 , and Costa DP and Mesnick SL (personal observation) and are outlined in Table 3 (see also Appendix 1).
T.S. used the Bayesian molecular phylogeny of Agnarsson et al. (2010) to run our phylogenetically controlled analyses but changed names to conform to Rice (1998) and Wilson and Reeder (2005) in cases where there was a mismatch.
Following the method of Sanderson (2002), we ultrametricized the molecular tree using the chronopl function of ''ape'' (Paradis et al. 2004) in R (R Development Core Team 2011). Most characteristics of interest were categorical in nature (i.e., presence vs. absence). Due to the preponderance of dichotomous variables, T.S. ran Pagel's (1994) tests for correlated changes that account for shared ancestry using Mesquite 2.74 (Maddison WP and Maddison DR 2010) ; a was set at 0.05. This procedure tests the independent evolution of 2 binary characters where observed likelihood ratios are calculated from the data and tested using Monte Carlo simulations with simulated data. The null hypothesis is that the 2 characters evolved independently, with the alternative hypothesis being that the evolution of the dependent variable (here, typically a color or pattern variable) is to some degree reliant on the state of the independent variable (here, typically an ecological, habitat, or behavioral trait). All P values and log likelihood differences (LD) between 8 (dependent) and 4 (independent) parameter models from Pagel's tests were calculated from 10 000 simulations using 10 extra iterations per simulation. In cases where data were missing for one or more species for a given variable, those species were pruned from the tree for that particular test.
RESULTS

Uniform coloration, adults
We uncovered evidence for uniformly colored adult pinnipeds matching the habitat in which they forage. First, pinnipeds with black or dark brown pelage were significantly associated with foraging off-shelf (some or most of the time) whether we used the criterion of both sexes being dark (log likelihood difference (8par-4par) [LD] = 4.46308, P = 0.0014) or just one or both sexes being dark (LD = 4.94185, P = 0.0031). Dark species only showed a nonsignificant tendency or no association with benthic foraging, however (LD = 2.92811, P = 0.0774; LD = 2.17951, P = 0.1726, respectively).
Species in which adults have at least some white fur tend to be found in polar or subpolar regions, although this is not statistically significant (LD = 1.85239, P = 0.0571); while 7 of the 11 species known to live on pack ice do bear some white pelage, the association is not statistically significant (LD = 2.41203, P = 0.1062). Species with some white fur are significantly more likely to be found in the Arctic (LD = 3.20252, P = 0.0197) and to be subject to terrestrial predation (LD = 2.55397, P = 0.0489).
Uniform coloration, pups
Species producing white pups are significantly more likely to be found in polar or subpolar regions (LD = 2.70640, P = 0.0300) but not to live on pack ice (LD = 0.92327, P = 0.4631), to live in the Arctic (LD = 6.43502, P = 0.0003), and to suffer terrestrial predation (LD = 3.47889, P = 0.0214; Figure 1 ). Species that give birth to black neonates (as opposed to pups that are white or have parental coloration) are significantly more likely to give birth on islands or in caves (LD = 8.14176, P = 0.0001).
Spotted pelage
Species with spotted adult pelage are significantly more likely to forage on-shelf (LD = 2.84655, P = 0.0419; Figure 1 ), to be shallow divers (LD = 2.66850, P = 0.0193), and to be sit-andwait predators (LD = 2.54854, P , 0.0001) and marginally more likely to be pelagic foragers (LD = 2.00385, P = 0.0596). Spotted pinnipeds are significantly more likely to live in polar or subpolar regions (LD = 4.62869, P = 0.0025).
Dorsal pigmentary darkening
We found very few significant associations between ecological conditions and dorsal darkening in adult pinnipeds. Considering males and females separately, dorsally dark species are not associated with hunting on-shelf (LD = 2.88321, P = 0.1057; LD = 1.34251, P = 0.5550, respectively), shallow diving (LD = 1.25295, P = 0.3007; LD = 1.15922, P = 0.4532), or suffering from terrestrial predation (LD = 1.18747, P = 0.5075; LD = 1.68241, P = 0.3517). Species in which males are dorsally dark, however, forage in pelagic waters (males: LD = 4.28327, Caro et al.
• Seal colorationP = 0.0125) although this is not true for females (LD = 0.98360, P = 0.5942) and to exhibit sit-and-wait predation (males: LD = 2.10677, P = 0.0713) although again not in females (LD = 1.56269, P = 0.1296).
Distinctive marks
Pinnipeds with distinctive markings are significantly more likely to be classified as being found in large-or variable-sized groups on land (LD = 1.63938, P = 0.0382), and there is a tendency for them to be polygynous (LD = 1.56726, P = 0.0767) but the number of these species (3) is very low. There is no association between distinctively marked species and living on pack ice (LD = 0.77470, P = 0.3443).
Sexual dichromatism
Sexually dichromatic species are associated with being in groups on land (LD = 8.84299, P , 0.0001), with breeding polygynously (LD = 5.47900, P = 0.0017), and with copulating on land (LD = 9.39769, P , 0.0001).
DISCUSSION
This first attempt at a comparative analysis of pinniped coloration must be treated with caution for several reasons. First, categorizations of pelage color are necessarily coarse, being based on photographs, personal observations, and descriptions from species accounts. Second, for some species, the specificity of ecological and behavioral data are weak. For instance, benthic foraging refers to foraging on prey that are at or near the bottom and can be shallow or deep and strongly or poorly illuminated. Third, the rather small number of pinniped species makes it inherently difficult to achieve statistical significance. Fourth, although there is no question as to our ability to correctly identify the various pinniped species in the wild, their status as a species or subspecies and their associated phylogenetic relationships are areas of active research. Color at birth 0 = same as parental color, 1 = white, 2 = black or dark brown Sexually dichromatic
Male and female differ in coloration 0 = no, 1 = yes Table 3 Ecological and behavioral variables used in this study Recent studies describe varying number of species as well as alternative phylogenetic trees to those investigated here (Fulton and Strobeck 2010; Berta and Churchill 2011; Committee on Taxonomy 2011). Therefore, our findings should be viewed as only a preliminary attempt to uncover the functional significance of coloration in this taxon; however, our large number of significant findings certainly suggests directions for future research. We found evidence for background matching in adult pinnipeds and in pups (see Table 1 ) because of the association between species in which adults have some white pelage, such as the harp seal Pagophilus groenlandicus, and living in the Arctic, where there is ice cover; and for species that produce white pups, such as the harp and spotted seal Phoca largha, and living in polar or subpolar regions and in the Arctic in particular. Conventionally, both adult seals living in the Arctic and their young are thought to be white to avoid being seen by polar bears against snow and ice backgrounds ); indeed, terrestrial predation is a significant cause of pup mortality in Arctic species (e.g., Hammill and Smith 1991) . Our findings are consistent with this suggestion about white pelage because we found significant associations between both species with some white adult pelage and species with white pup pelage and terrestrial predation. Although there is support for pinniped white coloration matching the background of snow and ice, particularly in the Arctic, similar to that found in terrestrial carnivores (Ortolani and Caro 1996) , spotted pelage (irrespective of whether the species has any white pelage or not) is also associated with living in polar or subpolar regions so there may be more than one way of being cryptic on land at high latitudes with ice cover. We found no association between distinctively marked pelage and living on pack ice where we had hypothesized that the highly rugous surface, which casts striking contrasts of shade and sun, might render distinctly marked species, such as the ribbon seal and harp seal cryptic.
A second line of evidence pointed to background matching in the marine environment: uniformly dark pinnipeds, such as Figure 1 Phylogenetic tree of the Otariidae, Odobenidae, and Phocidae. Branch coloration on the left side signifies the presence (black) or absence (white) of white pup coloration based on maximum parsimony. The row of boxes between the branch tip and species name denotes whether the species ''has terrestrial predators'' (black) or ''lacks terrestrial predators'' (white). Branch coloration on the right side signifies the presence (black) or absence (white) of spotted coloration in adults based on maximum parsimony. The row of boxes between the branch tip and species name denotes whether the species ''forages on-shelf'' (black) or ''does not forage on-shelf'' (white). Phylogenetic trees are identical on each side and are based on the Carnivora tree by Agnarsson et al. (2010) .
Caro et al.
• Seal colorationthe northern elephant seal Mirounga angustirostris and southern elephant seal Mirounga leonina, forage off-shelf in dark waters. Here, however, it is not clear whether dark pinnipeds might be cryptic to avoid being seen by predators hunting in the depths or to avoid being seen by their prey. Although it is unclear to what extent and at what distance large marine predators that prey on pinnipeds use sight to detect prey, these predators are rather thought to chiefly detect prey acoustically (e.g., killer whales Orcinus orca) chemically, or electrically (sharks) although there are exceptions (e.g., leopard seals, Hydrurga leptonyx). Also, it is unlikely that these large marine predators hunt pinniped prey at the considerable depths where elephant seals forage, suggesting that dark coloration in pinnipeds may be an adaptation to avoid being detected by their prey rather than by their predators. We also uncovered strong associations between spotted pelage and hunting in surface waters as measured by on-shelf foraging and shallow diving. These results also suggest that background matching occurs in environments where diffuse light flickers through surface waters (McFarland and Loew 1983) . Interestingly, in contrast to both species of elephant seals that routinely dive to great depths (400-600 m), Weddell seals Leptonychotes weddellii dive in both deep and shallow waters and have blotched lateral and ventral surfaces. Other evidence points to spotted pelage being a form of crypsis: it is associated with sit-and-wait predation (although observations on hunting styles are not all that reliable). It is worth noting, however, that Weddell seals and perhaps other species may not only use a sit-and-wait strategy for foraging but also engage in male-male competition under the ice for access to breathing holes and females.
Our analyses failed to uncover consistent associations between dorsal darkening and ecological variables. Our only marginally significant findings were male dorsal darkening being associated with pelagic foraging and sit-and-wait predation. Dorsal darkening is expected to operate well as a form of crypsis through self-shadow concealment or background matching from above or below in aquatic environments where light principally falls on individuals from above (Cott 1940; Kiltie 1988 ) and might therefore be expected in well-lit surface waters yet our data fail to show this convincingly.
A very few seals, such as harp seals and ribbon seals, have very distinctive markings that are associated with hauling out in groups and perhaps polygyny although most species in the northern seal clade are polygynous. Possibly, distinctive marks are used in sexual selection to indicate individual health or quality. This may operate more strongly on males. For instance, male ribbon seals have banding patterns that are more distinct than those of females, and their white bands vary in thickness and position on the body suggesting involvement in dominance, female choice, or individual recognition.
Sexually dimorphic species were significantly associated with hauling out in groups, having polygynous breeding systems, and copulating on land. Highly polygynous pinnipedscharacterized by skewed reproductive success and intense male-male competition (Ralls 1977) -are strongly sexually dimorphic and dichromatic. In these species, sexual dichromatism often takes the form of larger males having a dark (and often denser) pelage and smaller females being light or having dark dorsa. Sex differences in foraging strategies and distributions may also be involved but we did not test for this. A proximate explanation is that in vertebrates, the melanocortin system has pleiotropic effects because it produces black to brown eumelanin pigmentation and promotes plasma testosterone production, sexual behavior, and aggression, so it may not be surprising that older or dominant males become darker than females (Ducrest et al. 2008 ; see also Senar 2006; Caro 2011) .
Finally, we found that newborn pinnipeds with distinctive black coats are born on islands or in caves. All otariid pups (sea lions and fur seals) are born with black or dark pelage, and as a group, they tend to breed on predator-free islands where camouflage is less important, and thermoregulatory considerations may predominate. Compared with otariids, phocids have evolved a suite of reproductive and energetic adaptations that enable a more oceanic existence (Costa 1993) , and ice may have played a lengthy role in shaping the evolution of the clade (Fulton and Strobeck 2010 ). There are 2 major phocid lineages: the Phocinae or northern phocids and the Monachinae or southern phocids (Berta and Churchill 2011) . The monachine seals include the monk, elephant, and the Antarctic seals and nearly all have pups with black or dark fur. Like otariids, most of the Monachinae breed or bred on predator-free islands or in the Antarctic where terrestrial predators are lacking. The Phocinae includes the remaining phocids all of which are in the northern hemisphere and it is only within this group where we observe pups with white pelage. This suggests that the white color patterns found in some Arctic phocines pups may be a trait that has evolved to counter polar bear predation. It is interesting to consider polar bears have only been in the Arctic for about 1.3 My (Yu et al. 2007) , whereas Arctic and Antarctic Phocids had diverged into 2 separate subfamilies by 15 million years ago ).
In sum, coarse comparative data suggest that coloration is driven by a variety of evolutionary forces in pinnipeds. Background matching likely operates in Arctic regions on land as evidenced by all white coats in pups, and white pelage or spots set on a light background in adults, all of which serve to make individuals difficult to discern from snow and ice by would-be predators. In other species, it may also operate in the ocean, possibly as a way to avoid being seen by prey with the strongest evidence coming from spotted species inhabiting well-lit surface waters. Intraspecific signaling may be driving distinctive marks in some species, whereas male-male competition or female choice may drive dark coloration in adult males.
Comparison with cetaceans
It is useful to contrast the comparative results of this study with those of a related comparative analysis of cetacean coloration ) especially because both taxa have lost their retinal S-cones and retained only L-cones and are unlikely to see in color (Griebel and Peichl 2003) . Background matching seems important in pinnipeds, but there is little evidence of this in cetaceans. For example, white coloration is associated with Arctic distributions in pinnipeds, but the only white cetacean is the beluga Delphinapterus leucas; although it too is principally restricted to Arctic waters and is preyed on by polar bears. The necessity for Arctic phocids to be white is likely driven by predation pressure from polar bears; seals that haul out and give birth to vulnerable pups need to blend in with the background of ice. Whales are freed from this pressure by their large body size, and it is possible that bearded seal Erignathus barbatus adults live in areas inaccessible to polar bears. Dorsal darkening, on the other hand, is associated with relatively small body size in cetaceans possibly because such species concentrate on fish prey; in pinnipeds, it may be associated with hunting too, specifically sit-and-wait predation. The necessity or ability of predators to approach fish and invertebrates undetected certainly warrants further investigation. In cetaceans, prominent markings are associated with group living, fast swimming, and flamboyant behavior at the surface, but in contrast, only 2 of the 3 distinctively marked pinnipeds are colonial and all give birth alone. These findings suggest that striking markings might serve to keep groups of some marine mammal species together as they seem to in terrestrial artiodactyls (Caro and Stankowich 2010) , or else they may serve in individual recognition or sexual selection.
In contrast to pinnipeds, sexual dichromatism is relatively rare in cetaceans (but see Ralls and Mesnick 2009) ; perhaps, sexual selection operates differently in mobile aquatic species compared with highly polygynous pinnipeds that breed on land.
Selection pressures in pinnipeds and cetaceans are broadly similar; both need to find food and mates and avoid predators. But the contexts in which they are manifest differ because pinnipeds face some of these pressures on land as well as in the water, and additionally, the importance of each pressure differs according to the particular marine and terrestrial habitat in which they live. As a consequence, there are few common solutions to the problems of camouflage, communication, and physiology that drive external coloration in marine and other mammals. FUNDING N. Cooper, F. Jordan, and the 2011 AnthroTree Workshop, which is supported by the National Science Foundation (NSF) (BCS-0923791) and the National Evolutionary Synthesis Center (NSF grant EF-0905606), for advice on tree manipulation and interpretation of results, a Hatch Grant to the University of California for funding, and Annalisa Berta, Carolina Bonin, Bill Perrin, Gil Rosenthal, and an anonymous reviewer for comments.
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